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CEMENTATION of IRON AND STEEL

introduced into the cementation boxes (or are formed there by the decomposi-
tion of organic substances), in the presence of pre-existing free carbon, we
have the problem of establishing what part is played by the direct action of
the gases and what by the action of the free carbon which they deposit on the
surface of the iron.

And here it is well to make clear what is meant by the action of the gases
in cementation. Any carburizing gas whatsoever can cement iron only by
the action of the carbon which it can set free in decomposing. But this
separation of free carbon can take place in two distinct ways:1

1.  The gas may decompose totally as soon as it comes in contact with the
surface of the steel, setting free on this surface all the carbon which it is capable
of yielding.    In this case it is evident that the carburizing gas exercises no
other function than that of carrying the carbon into intimate contact with the
steel.   As to the p'rocess of the cementation proper, or the more or less deep
diffusion of the carbon into the mass of the solid steel, this is effected in this
case exclusively by the solution of the carbon in the surface layer of the steel
and its passage from this layer to the succeeding one through the action of one
of those processes of diffusion by difference in concentration which have been
observed in a large number of alloys formed of solid solutions.2

In these cases we properly say that the gas exercises no specific action on
the course of the cementation. It may also be asserted that this extreme case
never presents itself in practice.

2.  The gas may decompose only partially when it comes in contact with
the surface of the steel, setting free there only a part of the carbon which it is
capable of yielding.   The gas, then, as it diffuses into the mass of the steel
continues to decompose, setting free in these interior layers of the steel new
quantities of carbon which gradually pass into solution directly in the metal of
the deeper and deeper layers.

In this case, which we have seen occurs with special clearness in the case of
carbon monoxide, we say that the gas exercises a direct specific action on the
course of the cementation. In this case, all the variations in the conditions
(for example, the pressure, the quantity of the gas, etc.) on which the diffu-

1 See also the observations of Le Chatelier (p. 64).

2 It is interesting to recall in this connection the results of the investigations of many
experimenters on diffusion in other metals.   I have already referred to the investigations
of Roberts-Austen on the diffusion of gold and of platinum into lead, on the basis of which
he asserted the complete analogy between these and the process of cementation.    The
latter would therefore be a simple phenomenon of direct diffusion of the carbon into the
iron by difference in concentration

In reality, the "concentration-depth" curves determined by Roberts-Austen for the
two pairs of metals Au-Pb and Pt-Pb differ profoundly from the analogous curves which I
have reproduced in the preceding pages for the processes of cementation, and especially
for those of them based on the action of carbon monoxide. This is explained by the
direct action of the carburizing gases and thus constitutes a new proof of their intervention.